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Abstract 
Recently, there is a growing interest in identifying low-cost alternative adsorbents which have 
reasonable adsorption efficiency for dye removal. In this study, agricultural waste, Artocarpus Integer
peel (AI-Peel) was used as the adsorbent to remove methylene blue (MB) from aqueous solution. The 
batch adsorption process was conducted to evaluate the effect of contact time (1 – 40 min), adsorbent 
dosage (0.25 – 4.0 g L-1), pH (2 – 8), initial dye concentration (100 – 500 mg L-1) and temperature (30 
– 50 oC). The experimental data followed well pseudo-second-order kinetic model and Langmuir 
isotherm (Type 2) with maximum adsorption capacity of 396.825 mg g-1. The analysis of 
thermodynamic studies indicated that the adsorption process was exothermic, controlled by a 
chemisorption process, feasible and spontaneous in nature with decrease in degree of spontaneity at 
higher temperature. The characterization results revealed that the functional groups of AI-Peel play 
an important role in the adsorption of MB onto AI-Peel. The study of pelletized and reusability of AI-
Peel indicated the great potential of pelletized AI-Peel as low-cost adsorbent for efficient removal of 
MB from aqueous solution. This study successfully discovers a new highly effective low-cost 
adsorbent for MB removal. 
Keywords: Low-cost adsorbent, agricultural waste, Artocarpus Integer peel, pelletized adsorbent, 
methylene blue 
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INTRODUCTION 
Dyes have been extensively used in many industries, such as textile, 
leather, paper production and plastic manufacturer. The fast 
development of these industries has contributed to an increase in the 
concentration of dyes in wastewater. The discharged of this wastewater 
into water body became significant sources of pollution due to their 
undesirable colour which will reduce sunlight penetration and resist 
photochemical and biological attacks to aquatic life. Besides, these 
dyes are toxic as well as carcinogenic, mutagenic, and teratogenic, that 
could affect aquatic life and also humans. Hence, it is utmost crucial to 
remove dyes from wastewater to ensure safe discharge of this effluent 
into the water body. Several techniques have been extensively 
developed and used to remove dyes in wastewater such as membrane 
filtration [1-2], photocatalysis [3-4], coagulation-flocculation [5] and 
adsorption [6-1]. However, adsorption has been identified to be more 
effective method, which could overcome the shortcomings associated 
with cost, complexity and time consuming.  
Among various adsorbents developed and used to adsorb dyes, 
activated carbon is one of the most widely used. However, the high 
demand for activated carbons in other advanced applications such as 
catalyst supports, air filters and gas storage, resulted in increasing their 
cost. Therefore, there is a growing interest in identifying low-cost 
alternative adsorbents which have reasonable adsorption efficiency 
including agricultural solid wastes [9-11], industrial solid wastes 
[12,13] and natural materials [14,15]. However, most of these 
adsorbents still have limited adsorption capacities and low removal 
percentage of dyes as compared to the activated carbon.  
Artocarpus integer is a species of tree in the family of Moraceae, 
and in the same genus as breadfruit (Artocarpus altilis) and jackfruit 
(Artocarpus heterophyllus L.), which can be found in Southeast Asia. 
With the increase in the production of processed fruit product, abundant 
amount of Artocarpus integer peels (AI-Peel) are disposed from food 
processing sector, causing a serious problem of disposal. Thus, utilizing 
of AI-Peel as an alternative low-cost adsorbent would increase the 
economic value, help to reduce the cost of disposal and consequently 
can reduce the environmental pollution.  
Based on the above mentioned considerations, in this study, the use 
of the AI-Peel as low-cost adsorbent for the removal of methylene blue 
(MB) from aqueous solution was reported. The adsorption process was 
investigated as the function of contact time, adsorbent dosage, pH, 
initial dye concentration and temperature. The characteristics of the 
adsorption isotherm, kinetics and thermodynamics were also studied 
through the adsorption process. For industrial purpose, the usage of 
palletized adsorbent is highly recommended due to its easy handling 
process and also recyclable feature. Therefore, in this study, the 
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efficiency and feasibility of pelletized AI-Peel for efficient process 
were also investigated.  
EXPERIMENTAL 
Chemicals  
Methylene Blue (MB) was purchased from Merck (Sdn Bhd, 
Malaysia) with C.I. 52015, chemical formula of C16H18N3SCl and 
molecular weight of 319.85 g mol-1. The maximum wavelength of MB 
is 668 nm. 
Preparation of the adsorbent  
The Artocarpus Integer peel (AI-Peel) was collected from the local 
area at Pahang, Malaysia. The AI-Peel was cut to obtain a size range of 
10 – 20 mm. The pieces were soaked in distilled water overnight to 
remove the surface adhering impurities, followed with oven-dried at 80 
ºC for 24 hours. The dried pieces were then ground and sieved to 355-
600 µm particles sizes, followed with oven-dried at 100 ºC overnight 
until the weight was constant before being stored in a plastic bottle. 
Characterization 
The infrared spectra of the AI-Peel before and after adsorption were 
obtained using Fourier-transform infrared (FTIR) (Perkin Elmer 
Spectrum GX FTIR Spectroscopy). The sample were prepared as KBR 
pallets and scanned over the range of 4000 – 400 cm-1 to identify the 
functional group of AI-Peel that might be involved in the adsorption 
process. The specific surface area and pore volume of AI-Peel were 
measured using Thermo-Scientific Surfer. 
Adsorption studies 
The MB stock solution was prepared by dissolving accurately the 
measured amounts of MB in deionized water to obtain a concentration 
of 1000 mg L-1, before being diluted to desired concentration (100 –
500 mg L-1). The pH of working solutions was adjusted to the desired 
value with sodium hydroxide, NaOH (Merck) and hydrochloric acid, 
HCl (Merck). Adsorption experiments were performed in a batch-
adsorption system.  
In brief, specific amounts of AI-Peel (0.25 – 4.0 g L-1) were added 
in a 250 ml conical flask containing 200 ml of MB solution. The 
mixtures were stirred at 300 rpm at temperature range of 30 – 50 ºC. 
Then, the samples were withdrawn at appropriate time intervals and 
centrifuged at 3500 rpm. The residuals of the MB concentration were 
determined by using the UV/vis spectrophotometer at 668 nm. The 
amounts of adsorption at time t, qt (mg g-1) was calculated by the 
following equation,  
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where, Co (mg L-1) and Ct (mg L-1) are the concentration of MB at initial 
and at any time t, respectively. V (L) is the volume of the dye solution 
and W (g) is the mass of the adsorbent used. 
The MB removal percentage can be calculated as follows, 
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where, Co (mg L-1) and Ct (mg L-1) are the concentration of MB at initial 
and at any time t, respectively.  
All of the experiments were carried out triplicate to ensure the 
accuracy of the experimental data. 
Preparation of the palletized Al-Peel 
In order to study the efficiency of pelletized AI-Peel towards 
adsorption of MB, 0.4 g of AI-Peel powder was pelletized using hot 
press at 80 ºC and 15 MPa for 30 min of hold time to obtain palletized 
AI-Peel with volume of 0.512 cm3. Three different sizes (L × W × H) 
of palletized AI-Peel were used in this study; (i) 0.8 cm × 0.8 cm × 0.8 
cm, (ii) 1.0 cm × 0.64 cm × 0.8 cm, and (iii) 1.5 cm × 0.43 cm × 0.8 
cm.  
RESULTS AND DISCUSSION 
Effect of contact time 
The effect of contact time in the range of 1 to 40 minutes were 
studied at initial dye concentration of 100 mg L-1, adsorbent dosage of 
1 g L-1, pH solution of 6, and a temperature of 30 °C. The percentage 
removal of MB as a function of contact time is shown in Fig. 1. The 
percentage MB removal was increased with the increasing in contact 
time until it reached optimum at 20 min. Beyond 20 min, there was no 
increase in MB removal and a steady-state approximation was assumed. 
The contact time curve shows that the MB removal was rapid in the 
first 12 min. The curves of contact time are single, smooth and 
continuous leading to saturation indicating the possible monolayer 
coverage of dye on the surface of AI-Peel. This result is in agreement 
with the study reported by Kallel et al. for the adsorption of MB onto 
garlic straw [7].  
Fig. 1 Effect of contact time on the adsorption of MB dye onto AI-Peel  
(Co = 100 mg L
-1, W = 1 g L-1, pH 6, T = 30 ºC). 
Effect of adsorbent dosage 
In order to investigate the effect of adsorbent dosage (AI-Peel) on 
MB adsorption, experiments were conducted at initial dye 
concentration of 100 mg L-1, pH solution of 6 and a temperature of 30 
°C, while the amount of adsorbent added was varied.  
Fig. 2 shows a plot of the MB removal under various absorbent 
dosages ranging from 0.25 to 4.0 g L-1. At equilibrium time, the 
percentage MB removal increased with an increase in AI-Peel dosage 
up to 2 g L-1 and thereafter remained unchanged with further increase 
in adsorbent dosage. The increase in percentage MB removal was due 
to the increase in the available sorption surface and sites with adsorbent 
dosage. A similar trend was observed for the removal of MB onto wheat 
straw [8], garlic straw [7] and rejected tea [16]. 
Fig. 2 Effect of adsorbent dosage on the adsorption of MB dye onto AI-
Peel (Co = 100 mg L
-1, pH 6, T = 30 ºC, t = 20 min). 
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Effect of pH   
The pH value of the dye solution has been recognized as an 
important factor in adsorption process, which influences the surface 
charge and the dissociation of functional groups on active sites [17]. In 
this study, the effects of pH of MB solution were examined over a pH 
range of 2 – 8, and the results are illustrated in Fig. 3A.  It could be 
observed that the MB removal was increased with the increasing of pH 
up to 6, and then nearly constant over the pH ranges of 6 – 8. This 
behavior could be described on the basis of zero point charge (pHzpc) of 
the AI-Peel adsorbent, which determined to be at ~ pH 3.9 (Fig. 3B). 
At pH less than the pHzpc, the adsorbent surface is positively changed, 
thus making the H+ ions effectively competed with the MB cations, 
which caused the lower MB removal. Whereas, at pH higher than the 
pHzpc, the surface of AI-Peel became negatively charged, thus allowing 
the electrostatic attraction of positively charged MB cations (in water, 
MB readily dissociates into MB+ and Cl-) [18]. Similar trend was 
observed for adsorption of methylene blue onto almond gum [11], 
peach shell [17] and citrus limetta peel [19]. 
  
Fig. 3 (A) Effect of pH on the adsorption of MB dye onto AI-Peel (Co = 
100 mg L-1, W = 2 g L-1, T = 30 ºC, t = 20 min). (B) pHzpc of AI-Peel 
adsorbent. 
Fig. 4 Effect of initial concentration on the adsorption of MB dye onto AI-
Peel (W = 2 g L-1, pH 6, T = 30 ºC). 
Effect of initial concentration 
The effect of the initial MB concentration on the percentage 
removal of MB is given in Fig. 4. It was found that more than 80% of 
the MB was removed in the first 10 minutes of adsorption and increased 
slowly to maximum at equilibrium. As shown in Fig. 4, there are three 
main stages during the adsorption process which are the movement of 
the MB molecules from the bulk solution to the external surface of the 
AI-Peel (film diffusion), the movement of the MB molecules to the 
interior regions of the AI-Peel (particle diffusion) and the sorption of 
the MB on the interior surfaces of the pores of AI-Peel (sorption) [6]. 
This process takes longer time at higher MB concentration that might 
be due to the agglomeration of MB molecules at high concentration, 
which may slow down the adsorption process. Similar phenomenon 
was observed on the adsorption of MB onto cocoa pod husk [20].  
Adsorption Isotherm Studies 
The analysis of the adsorption isotherm model is a prerequisite for 
predicting the adsorption uptake of the adsorbent, which is one of the 
main parameters required for designing an optimized adsorption 
system. For this purpose, the adsorption kinetic isotherm studies were 
conducted at AI-Peel dosage of 2 g L-1, initial pH of 6, temperature of 
30 oC, and contact time of 20 minutes with different initial 
concentration of 100 – 500 mg L-1.  
The equilibrium data for MB adsorption onto AI-Peel were 
modelled with the Langmuir (four linearized expression) [21], 
Freundlich [22], Temkin [23], and Dubinin-Radushkevich [24] models 
were used for this purpose. The linearized forms of these four isotherm 
models are presented as follows: 
Langmuir isotherm (Type 1): 
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Langmuir isotherm (Type 4): 
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Freundlich isotherm:  
eC
n
fKeq log
1
loglog                                        (7) 
Temkin isotherm:  
eCBABeq lnln                       (8) 
Dubinin-Radushkevich isotherm:  
2
lnln DRKmqeq             (9) 
where Ce is the MB concentration at equilibrium (mg L-1), qe is the 
adsorption capacity at equilibrium (mg g-1), qm is the maximum 
adsorption capacity (mg g-1), KL is the Langmuir constant (L mg-1), Kf 
is the Freundlich equilibrium constant ((mg g-1)(L mg-1)1/n)), n is an 
empirical constant, B is the Temkin constant, A is the Temkin 
equilibrium binding constant (L g-1), KDR is Dubinin-Radushkevich 
constant (mol2 kJ-2) and ɛ is the Polanyi potential (J mol-1), in which can 
be calculated from ɛ = RT ln (1+1/Ce). 
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Table 1 Isotherm parameters for adsorption of MB onto AI-Peel. 
Isotherm Parameters Value 
Langmuir 
(Type 1) 
qm (mg g
-1) 
KL (L mg
-1) 
R2 
476.191 
0.018 
0.986 
Langmuir 
(Type 2) 
qm (mg g
-1) 
KL (L mg
-1) 
R2 
396.825 
0.019 
0.999 
Langmuir 
(Type 3) 
qm (mg g
-1) 
KL (L mg
-1) 
R2 
451.360 
0.019 
0.968 
Langmuir 
(Type 4) 
qm (mg g
-1) 
KL (L mg
-1) 
R2 
461.355 
0.019 
0.968 
Freundlich n 
Kf (mg g
-1)(L mg-1)1/n
R2 
1.349 
12.885 
0.998 
Temkin B (J mol-1) 
A (L g-1) 
R2 
83.019 
0.258 
0.965 
Dubinin-
Radushkevich 
qm (mg g
-1) 
KDR (×10
5) (mol2 kJ-2) 
R2 
171.330 
1 
0.844 
Table 2 Comparison of the maximum adsorption capacities of various 
adsorbents for MB removal. 
Adsorbent 
Adsorption 
capacity 
(mg g-1) 
Ref 
Artocarpus Integer peel 
Citrus grandis peel 
396.825 
344.83 
This work 
[25] 
Jackfruit peel 285.71 [26] 
Cocoa pod husk 263.90 [20] 
Garlic straw 256.41 [7] 
Almond gum 250.00 [11] 
Broad bean peel 192.70 [27] 
Peach shells 183.60 [17] 
Rejected tea 147.00 [16] 
Garlic peel 82.64 [26] 
Activated carbon prepared 
from bamboo 
454.20 [19] 
Activated carbon prepared 
from date stone 
316.11 [28] 
Activated carbon prepared 
from oil palm fiber 
312.50 [29] 
The values of isotherm parameters are listed in Table 1. To 
quantitatively compare the accuracy of the models, the correlation 
coefficients (R2) were also calculated and are also listed in Table 1.  
Analysis of the R2 values suggests that Langmuir isotherm (Type 2) 
model better described the adsorption of MB onto AI-Peel, which 
indicates that the adsorption of MB onto AI-Peel takes place as 
monolayer adsorption on a surface that is homogeneous in adsorption 
affinity. The monolayer adsorption process was also observed on the 
adsorption of MB onto various low cost adsorbents including pomelo 
(Citrus grandis) peel [25], wheat straw  [8], garlic peel [26] and broad 
bean peel [27]. According to Table 1, the Langmuir qm value was 
396.825 mg g-1, and KL constant was 0.019. The RL value [RL = 
1/(1+KLCo)] for the system, which demonstrates the favourability of the 
adsorption system was calculated to be 0.094, indicating the favourable 
adsorption of MB onto AI-Peel because of the value falls between 0 and 
1 [26]. 
Table 2 lists a comparison of maximum monolayer adsorption 
capacity of MB on various adsorbents. It can be seen that the AI-Peel 
is more effective for the adsorption of MB even when being compared 
with some of the activated carbon reported in the literature, indicating 
the great potential of AI-Peel as alternative adsorbent for MB removal. 
Adsorption Kinetics 
Adsorption kinetics is essential for understanding the adsorbate 
uptake rate and the mechanism of the process. The adsorption kinetic 
studies were conducted at AI-Peel dosage of 2 g L-1, initial pH of 6, 
temperature of 30 oC, and contact time of 20 minutes with different 
initial concentration of 100 – 500 mg L-1. In this study, the equilibrium 
data for MB adsorption onto AI-Peel were modelled with the pseudo-
first-order [30], pseudo-second-order [31] and intraparticle diffusion 
[32] models. The linearized forms of these models were represented as 
follow: 
Pseudo-first-order equation:  
tkeqtqeq 1ln)(ln 
                 (10) 
Pseudo-second-order equation: 
t
eqeqktq
t 1
2
2
1
           (11) 
Intraparticle diffusion equation: 
Ctidktq 
2/1
                          (12) 
where qe is the adsorption capacity at equilibrium (mg g-1), qt is the 
adsorption capacity at any time t (mg g-1), k1 and k2 are the adsorption 
constant of pseudo-first-order and pseudo-second-order model and Kid
is the intraparticle diffusion rate constant (mg g-1 min-1/2).  
The linear regression coefficient, R2 and parameters of pseudo-first-
order and pseudo-second-order kinetic models are listed in Table 3. The 
conformity between experimental data and the model predicted values 
are expressed by the correlation coefficients (R2) and the qe values. 
Based on the results reported in Table 3, the highest value of R2 was 
observed with the pseudo-second-order model (R2 ≥ 0.999) for all 
concentrations. Additionally, the strong agreement between qe values 
obtained from pseudo-second-order model and the experimental values 
confirmed the suitability of this model in fitting the kinetic data. This 
observation indicated that the adsorption rate is more likely controlled 
by the chemisorption process and that the rate of reaction is directly 
proportional to the number of active sites on the surface of the 
adsorbent [7].  Similar results were also presented for adsorption of MB 
onto pomelo (Citrus grandis) peel [25], wheat straw [8], garlic peel [26] 
and broad bean peel [27].
Table 3 Kinetic parameters for adsorption of MB onto AI-Peel 
Models Parameters 100 mg L-1 200 mg L-1 300 mg L-1 400 mg L-1 500 mg L-1 
Experimental  qe,exp (mg g
-1) 47.050 93.000 137.965 183.800 225.000 
Pseudo-first-order qe (mg g
-1) 
k1 (min
-1) 
R2 
10.486 
0.2054 
0.948 
24.666 
0.182 
0.995 
56.885 
0.191 
0.994 
92.790 
0.203 
0.995 
134.210 
0.220 
0.997 
Pseudo-second-order qe (mg g
-1) 
k2 (min
-1) 
R2 
47.847 
0.050 
0.999 
95.238 
0.019 
0.999 
142.860 
0.007 
0.999 
192.310 
0.005 
0.999 
238.100 
0.003 
0.999 
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To identify the possible step in controlling the adsorption of MB 
onto AI-Peel under the selected conditions, the experimental data was 
then fitted the intraparticle diffusion equation. It can be seen in Fig. 5 
that the plot did not pass through the origin and were not linear over the 
entire time range, which implies that intraparticle diffusion was not the 
sole rate-limiting step. At lower initial MB concentration, a rapid 
increase in the uptake rate to the maximum adsorption capacities at 
equilibrium was observed indicating that the uptake of MB ions by the 
AI-Peel was very fast. Meanwhile, at higher initial MB concentration, 
the adsorption process take place through several steps due to the 
molecular collusions of MB molecules which hindered the movement 
of MB ions towards the surface of AI-Peel. In brief, the adsorption of 
MB onto AI-Peel involved the movement of the MB molecules from 
the bulk solution to the external surface of the AI-Peel (film diffusion), 
the movement of the MB molecules to the interior regions of the AI-
Peel (particle diffusion) and the sorption of the MB molecules on the 
interior surfaces of the pores of AI-Peel (sorption).  
Fig. 5 Intraparticle diffusion plot for adsorption of MB dye onto AI-Peel 
(W = 2 g L-1, pH 6, T = 30 ºC). 
The parameters of intraparticle diffusion model are given in Table 
4. It was observed that the values of the intercept C increased with an 
increase in initial MB concentration which indicated an increasing 
boundary layer effect as the initial MB concentration increased [6]. A 
similar behaviour was reported for the adsorption of MB onto wheat 
straw [8]. 
Table 4 Intraparticle diffusion model constant and correlation coefficients 
for adsorption of MB onto AI-Peel. 
Initial MB 
concentration  
(mg L-1) 
Intraparticle diffusion model 
C kid  
(mg g-1 min-1/2) 
R2 
100 41.694 1.238 0.885 
200 75.675 3.999 0.973 
300 99.996 8.819 0.953 
400 124.770 13.809 0.949 
500 144.56 19.041 0.910 
Thermodynamics Studies 
Thermodynamics parameters were evaluated to investigate the 
nature of the adsorption process. The effect of temperature on the 
removal of MB onto AI-Peel was studied at AI-Peel dosage of 2 g L-1, 
initial pH of 6, initial concentration of 100 mg L-1, and contact time of 
20 minutes over temperature range of 30 – 50 oC. The thermodynamic 
parameters, including the free Gibbs energy (∆Go), enthalpy (∆Ho) and 
entrophy (∆So) were calculated using the following equations [6]: 
RT
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
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(solution)
)(adsorbent
eC
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G ln                         (15) 
where Kc is the equilibrium constant of the adsorption, R is the universal 
gas constant (8.314 J mol-1 K-1) and T is the absolute solution 
temperature (K). The values of ∆Ho and ∆So were obtained from the 
slope and intercept of the plot of Kc versus 1/T, respectively. The values 
of ∆Ho, ∆So and ∆Go are listed in Table 5. 
Table 5 Thermodynamic parameters for the adsorption of MB onto AI-Peel. 
Ea 
(kJ mol-1) 
∆Ho
(kJ mol-1) 
∆So 
(kJ mol-1 K-1) 
∆Go (kJ mol-1) 
30 oC 35 oC 40 oC 45 oC 50 oC 
41.528 -44.947 -0.133 -4.727 -4.063 -3.399 -2.735 -2.072 
The negative value of ∆Ho (-44.947 kJ mol-1) and ∆So  
(-0.133 kJ mol-1 K-1) indicated that the adsorption process was 
exothermic with a decrease in the randomness at solid-liquid interface 
with increasing temperature. A negative sign with a decrease in 
magnitude of ∆Go with an increase in temperature indicates that the 
process is feasible and spontaneous in nature with decrease in degree 
of spontaneity at higher temperature. A similar result was reported in 
the literature for the adsorption of crystal violet onto activated sintering 
process red mud [33]. 
The value of the activation energy (Ea) can be obtained by the 
Arrhenius equation, 







TR
aE
Ak
1
ln2ln           (16) 
where k2 is a pseudo-second-order rate constant of adsorption 
(g/mg∙min), R is the universal gas constant (8.314 J mol-1 K-1) and T is 
the absolute solution temperature (K). The slope of the plot ln k2 versus 
1/T resulted in a value for the Ea that was 41.528 kJ mol-1 (Table 5) 
indicating a chemisorption process. 
Characterization of AI-Peel 
The FTIR analysis was performed to identify the possible 
functional groups in AI-Peel that may be involved in the adsorption 
process. Fig. 6 shows the FTIR spectra of AI-Peel before and after 
adsorption of MB. The FTIR spectra of AI-Peel samples indicate the 
presence of various functional groups at wavelengths 3414 cm-1 (O–H 
stretching) [9,17], 2938 cm-1 (C–H stretching) [9], 1747 cm-1 (C=O 
stretching) [17], 1630 cm-1 (N–H bending) [10], 1430 cm-1 (C-H 
deformation in lignin) [7], 1070 cm-1 (C–O stretching) [9,17] and 655 
cm-1 (C–H deformation in cellulose) [17]. The interaction of MB 
molecules with functional groups of AI-Peel was confirmed by the 
reduction of several peaks significantly at 3414, 2938, 1747, 1630, 
1430 and 1070 cm-1 indicating that the main functional groups that 
contributed to adsorption were O–H, C–H, C=O, N–H and C–O. In 
brief, the presence of functional groups on the surface of AI-Peel 
provides considerable interaction with MB molecules during the 
adsorption process. The reduction in the several peaks of FTIR after the 
adsorption of MB was also reported in the adsorption of MB onto garlic 
straw [7].  
The presence of MB molecules on the surface of AI-Peel was also 
confirmed by the reduction in the BET surface area and average of pore 
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diameter of AI-Peel after the adsorption process. The BET surface area 
and average of pore diameter of AI-Peel before adsorption was 0.9270 
m2 g-1 and 0.6717 nm, respectively, while after adsorption was 0.7072 
m2 g-1 and 0.4107 nm, respectively. 
Fig. 6 FTIR spectra of the AI-Peel before and after MB adsorption. 
Pelletized and reusability studies 
For the industrial purpose, the application of adsorbent in the form 
of pellet is more applicable as compared to the powder form, in which 
pellet is easy to handle and recycle. Therefore, in this study, the 
pelletized AI-Peel was prepared with three different shapes as shown 
in Table 6 with the fixed amount of adsorbent (0.4 g) for each pellet. 
The adsorption process were conducted at initial MB concentration of 
100 mg L-1,  adsorbent dosage of 2 g L-1, pH solution of 6 and a 
temperature of 30 °C. As observed in Table 6, the removal percentage 
of MB using all size of pelletized AI-Peel was greater than 85% 
indicating the great potential of pelletized AI-Peel for industrial 
application. In addition, it is noted that the different shape of pellet did 
not significantly affected the performance of adsorbent.  
Table 6 AI-Peel pellet specification and removal percentage of MB. 
Pellet Size Dimension 
Removal of 
MB [%] 
0.8 cm × 0.8 cm × 0.8 cm 90.66 
1.0 cm × 0.64 cm × 0.8 cm 87.42 
1.5 cm × 0.43 cm × 0.8 cm 85.13 
Fig. 7 Reusability of pelletized AI-Peel for MB removal. 
The feasibility of using pelletized AI-Peel to remove MB from 
aqueous solution was further studied with the multiple adsorption 
cycles. Pelletized AI-Peel with size of 0.8 cm × 0.8 cm × 0.8 cm was 
used in this study. In brief, the pelletized AI-Peel was oven-dried at 80 
oC overnight after every adsorption cycle to evaluate its reusable ability. 
As observed in Fig. 7, there is only small decreased (12.56%) in the 
removal percentage of MB after 5 cycles indicating the good 
performance of pelletized AI-Peel during multiple adsorption cycles. 
CONCLUSION 
The present study demonstrated that the agricultural solid waste, 
Artocarpus integer peel (AI-Peel) can be used as an effective adsorbent 
for the removal of MB from aqueous solution. The results indicated that 
the experimental data were fitted well to Langmuir isotherm (Type 2) 
with maximum adsorption capacity of 396.825 mg g-1. The kinetics of 
MB adsorption onto AI-Peel was followed pseudo-second-order kinetic 
model. Thermodynamic studies indicated that the adsorption process 
was exothermic, controlled by a chemisorption process, feasible and 
spontaneous in nature with decrease in degree of spontaneity at higher 
temperature. The study of palletized AI-Peel found that the removal 
percentage of MB using all size of pelletized AI-Peel was greater than 
85% indicating the great potential of pelletized AI-Peel for further used 
in a fixed bed column study. Moreover, the reusability study confirmed 
the feasibility of pelletized AI-Peel for multiple cycles of adsorption. 
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